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CONRDSmAC 

FOREkCÄD 
ii   i i  «i  m mi 

The history of reaearoh, aimed to meet apcoifio military oharaoter- 
istics, is one of eonatant compromise.    Conflict after conflict results 
from the aohiovement of one military oharaoteristio with respeot to 
other desirable and necessary oharaoteristies. 

The work which is reported in the following pages is not an oxoep~ 
tion to this somewhat general situation.    In the particular case at hand, 
faith in an idea has been rewarded by the development of new colorants 
which are the result of basic research processes aimed at a definite 
goal.   While the results themselves are not all that one could desire, 
the developments to date are of suoh a character that there is definite 
hope of further specific nohievoment along the same lines in future 
studies. 

The future cf such studies is dependent upon the availability- of 
information from the using agencies as to the potential need for color- 
ants with charucteristics in the extended range.   Within the limitations 
oited in the report as herewith presented, the thi eat of the present 
Snipersoope can be met very adequately without impairing fabric function- 
ability. 

^5S~^ 
PRANK Jo HIi 
Chief 
Textile Dyeing Laboratory Branch 
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A COMPARISON OF RESIN BONI1BD PIGMENT,  SUi.FUR AND QUARTERMASTER 
DEVELOPED VAT DIE FORMULATIONS FOR ACHIEVING 

INFRARED CAMOUFUS: ON TEXTILES 

A. 0. Ramsley, B.A. Nataios, J. D. Ely 

GENERAL SUMMARY 

Three colorant systems are reported which are capable of achieving 
specific reflectance values in the spectral range of eniperscope sensi-- 
tivity which conform to recommendations proposed by the Corps of Engineers. 
Substantial amounts of fabric wer« prepared using each of the three 
colorant systems to obtain visual shades close to the standard for Olive 
Green 107.    The methods described are fundamentally different from each 
other, namely; a resin bonded inorganic pigment system, a combination of 
sulfur dyes, and a recently developed vat dye formulation. 

In order to evaluate the methods reported,  comparisons are made 
for several characteristics relating to field performance.   Experimental 
data include physical properties, eewabillty, water repellency, coloi' 
fastness, infrared reflectance, and resistance to anti-vesicant impreg- 
nation. 

These data show that the sulfur dyed fabric fails with respect to 
color fastness and resistance to anti-vesicant impregnation.    Both the 
new vat dye and pigment systems are equally capable of achieving the 
recommended reflectance values in the spectral region of sniperscope 
sensitivity.    This has been attained without sacrifice in quality wi*.h 
respect to physical properties, sewabillty, water repellency and color 
fastness,   The recently developed vat formulation shows no improvement 
over the present standard in resistance to anti-vesicant impregnation. 
The resin bonded inorganic pigment system, on the other hand, when 
properly treated with water repellents, far surpasses the standard in 
this respect and approaches the demanding requirements defined by the 
Chemical Corpr. 

Because of unique advantages over the other systems inherent in the 
resin bonded inorganic pigment system, it is considered the best colorant 
method yet developed.    It provides controlled reflectance throughout the 
near Infrared; it is adaptable to other military shades; it is the only 
colorant system which shows any resistance to anti-vesicant impregnation. 
However, the success achieved in extending the spectral range of 
controlled reflectance with vat dyes and certain observations made in 
this study on the effect of chemical treatments on spectral properties 
are encouraging.    These observations suggest that studies of dye struc- 
ture may eventually prove fruitful for the full spectral range in which 
active, image forming detectors can be expected to operate.   The advan- 
tage of utilising d/es rather than pigments lies in the comparative 
ease with which the fabric can take on other functional finishes. 

If anti-vesicant impregnation can be avoided and consideration of 
camouflage characteristics can be confined to visual and present sniper- 
scope viewing, then it may be considered that two solutions, the new vat 

dyes and the resin bonded pigments, effectively conclude the present program. 
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THE NATURE OF THS PROBLEM BEING EXPLORED; 

With th« tactic»! iuccos» «xp^ri^nctd in r«c«nt military «ngagement» 
ualng th« «nip^rscop« as a vwapon in combat, it i* apparent that measure» 
must be d«v«lop«d to minimiz« it» »ff^ctivsness whan us«d by »namy forc«s„ 
Sine» 1946 B«v»r»l »pproachas to achieving infrarad c»iiiouflaga on textiia 
items have been investigated within the Quartermaster Laboratorieo and 
under research contracts»    In general, with the exception of eulfur dyes., 
no single dye  system had been found capable of achieving infrared reflec- 
tance values in the region of sniperscope sensitivity of 20 ^ 5 percent, 
recommended by the Corps of Engineers  ^  for a cold    wet climate„    There- 
fore, the successful approaches have resulted in aitner blending opera- 
tions or double coloring systems to obtain ehe characteristice requisite 
for proper concealment at night „    Among th*   systems examined have been 
the blending of pigmentad rayons with vat or chrome dyad fibers ^K the 
use of resin bonded pigment» O» ^j  applied over a dyad ground »hade, and 
more recently,  in the case of wool,  a system of unifiber blending utilizing 
cartain special dyes ^\    Most  of th» methods which have been worked out 
pose problems with respect to the application of functional finishes,.    This 
is particularly true of the resin bonded pigment By8tem»>  although method» 
have b»an developed for combining water repellency,  fire resistance and 
color in one; basic operation ^K 

From the early day» of this project, the feeling has exieted in this 
laboratory that modification of the molecular structure of dyestuff» could 
influence th» »l»ct.ronic »tat»» in »uch a manner a» to extend the spectral 
range of relatively low reflectance further into the infrared.    Dye »ystam» 
have the advantage over pigment »yst»m8 in th» comparative ease with which 
functional flnieh»» may b» appli»d0    The lower infrar»d r»flect.anc» of tha 
preaent vat dyed standard for Oliv» Gr»»n 107, a» comparad with pr»vloui 
formulation»^ i» »vidanca of th» f»a»ibility of thi» lin» of attack, 
Furth»mor»_v  in »arly 1950 a vat gray having intaraeting properties beoam» 
available from on» of the dyestuff companie» *'*„    With these cl..*» and 
theoretical consideration» a» a »tarting pointj a research progajm wa» 
undertaken by the Calco Chemical Company und»r their reaea^ch  contract. 
Thi» program has b»»n productiv» of a larc» numb»r of new dy»« with a/att- 
rially impiovad infrared charact»ri»tic» ™'0    Fundamentally, the modifi- 
cation» introduced into the molacular »tructur» ar» »uch a» to incraaa» 
hydrog»n bonding and the resonance of the first excited state, 

Th» pr»»»nt study provid»s a dlract comparison on cotton fabric» for 
physical prop»rtl»s and color characteristic» of the most fucc»»sful 
»olution» to th» problam of achlaving th» infrared reflectance value» 
reconmended by th» Corp» of Engin»»r»,    Th» »tudy i» confin»d to cotton 
fabrics j,  because of their us» a» th»  outer layer of combat ensemble» and 
are, therefore,  somewhat eor» ImportaMt than other fabrics,    Thre» 
colorant »yBt»iii» ar» compar»d;  re »in bonded inorganic pigm»nt formula- 
tion» appliad ov»r a vat dyad ground »had»;  a formulation of vat dy»» 
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»•l«ct«d from the r«lativ«l,y larg« number of dye» produced under the 
research contract with the Caleo Chemical Cospanj; and a selected sulfur 
dye formulation.    The particular rat dyes used are practical because their 
production could be undertaken within a reasonable time using equipment 
now available throughout the dyestuff industry.    The study has two points 
of reference: the values of reflectance in the spectral range of sniper- 
scope    sensitirlty recemnended by the Corps of Engineers for infrared 
properties; and the prevent specified standard for Olive Green 107 for 
physical properties and color fastness. 

To test the feasibility of using the resin bonded pigmsut system 
as a produttiea method, this colorant technique is represeated by four 
groups, the products of four mmufacturer« of pigments, referred to as 
A, B, C and D.    The so four companies out of a larger group had previously 
submitted formulations which had proved satisfactory in laboratory and 
semi-seals production to moot minima requirements with respect to color- 
fastness.   The entire series of resin bonded pigmented fabrics considered 
in thie report wore produced by the Cramertom Division of   Burlington 
Mills using formulations supplied by the respective manufacturers and 
under direction of their roprossntativos.    To insure that the production 
conformed to roquiremomts established with reepoct to visual shade and 
infrared re fleet «nee,  ■ample« were inspected periodically during the 
four runs by porsomol of the Textile Dyeing and Finishing Laboratory. 

It is interesting to note in this connection that of the many 
samples of foreign origin which have been examined in this laboratory, 
proper inf^'xred. refleotanee values, by Corps of Engineers standards, 
have been achieved on relatively few items.    Moot of the sulfur dyed 
fabrics ef proper visual shade have infrared reflectance values below 
fifteen pereont.    A rceont study 1°' of twenty -alx samples of Russian 
origin showed that only tww sulfur dyed cotton fabrics,    a wool-rayon 
blend and a wool-eottom union met the coadltiomn for infrared refleo- 
tanee roeeaBonded by the Corp« of Eagineors.    The wool-rayon blend and 
the wo*l-eotton union »chieved these results by a«« of sulfur dyed 
eellnlosle components and a chrome mordant dyed wool, 

PR0C2DÜHE OF EIPBRIMSNTATIOM FVESfJKDt 

1.   The standard Olive Green 107, used «« a reference fabric in 
this «tmLn mis vat dyed in Accordance with spoolfisation for this 
shade (1<^.   For %ke purp»se of minimising the effects of variability 
of fabric from one lot to another, a sscondary roforeneo, vat dyed 
against the standard was introduced from the production ef the 
Cramcrton Divieien of Burlington Mills, using the same fabric lot upon 
which the resin bonded pigment formulations wore applied.   This fabric 
was used as the reforomoo for physical properties and color fastnees in 
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this rtpMrt and i» r«f«rr«4 tm as Standard Ollr« Grvna 107..    Th« formilu- 
tio»» used la tblf and all th« «thnr colorant ojctoao coasidorod in this 
roport aro sunurlzod la Appondix B. ' 

2.    Tho «ntilro productioa of rosin bondod plgnontod fabrics was 
aecMipllshod by th« Craaortoa Division with the asslstaneo of roprsssnta- 
tiros of tho cooperating pigiiont manufaoturors.    Tho rat dyod ground 
•had« was color natchod t« a Standard dorslopod in this ,lab«ratory, so 
proparod that, whoa toppod with tho pignsnt fornulatloas. It would yiold 
a risual shads closo to tho  standard Ollrs Groon 107.     Quartoraastor 
porsonnol woro prssoat a« obsorrors and to prorldo on tho spot doeislons 
in tho sront such wsro roqulrod.    Total production for oach plgasnt 
Musufaetoror, oxespt "C", was approxlaatslj fivs thousand yard» of 
fabri« forty-two lac ho s wldo. 

Manufacturing conditions usod throughout tho producticn for all 
formulations ars »mmarizod bolsw: 

Equlpaont       Paddor, thr«« roll, 2 rubbor,  ono contor stool roll 
Dryor at 250#F, «apaclty 35 ysrds 
Tontor frams at 325*?, eapa«lty 30 yards 
Curing «roa at 350*F, capaolty 93 yards 

Exprosslon     Plck-ap,  70^ wotf k.5% dry, on* dip,  «a« nip at 
ains tons prosouro 

Rato 100 yards p«r «inuto 
* 

Booaus« «f a doficioncy la th« rat dyod ground shads,  a slight slds to 
«oator shading was obssnrod f«r all fabrics, and during ths ladlrldual 
runs th« r«lls bstaas coatod occasionally and had to b« «loanod with 
solvwit. 

la geaoral, for aanufaeturor« nA" and nBN oporatlon was saooth and 
production oxcollont.    For aaaufacturor "D" tho ear ban black In th« bath 
showod a t«ndoacy to 'flush" to tho surfaeo.    This ropnltod In fabrics 
a bit darkor and dullor than standard, although no spotting of ths fabric 
surfaeo oecurrod.    With c*nufaeturor "C this boeaao a aajor probloa 
bocaus« th« carbon black fl> shod badly and tho surfaoo was spottod,    Tho 
rua was intorruptod whllo a aodlfieatloa of th« foraulotion was aads, 
which rosultsd in soa« toaporary iapr«T«a«Bt.    Ths  rua was stoppod, 
h©w«T«r, aftor only 1,000 yards of th« planned Utal «f 5,000 yards had 
b««a e«apl«t«d, bscauso of th« incroas« in surf««« «potting.    Subsoquont 
laboratory work on tho part of aanufaeturor "0" ha« laprorod his formu- 
lation to a point consldorod «atisfaotory, althaugh it has not brrn 
praron In actual production.    Ono alaor dofost in all tho production was 
oridoat la that a dark blotch tho sizo of a twfnty-firo eont pioeo 
appoarod poriodlsally.    This waa th« rosuit of a blistor on tho bottoa 
rubbor roll of tho paddor.    Thi« Is aoatlonsd to oaphasiz« th« aood for 
good  squipaont in tho rosin bondsd pigasat systoa. ' 

CONFIDENTIAL 



CONFIDENTIAC 
It should be stated that the Cramerton personnel operated under 

instructions from the representatives of the  pigment manufacturers and 
were limited to the pigment formulations supplied.    The success of three 
of the runs shows that competent mill operators with proper equipment are 
capable of producing satisfactory fabric, if good formulations are used. 

The visual shade of the fabrics after treatment with water repellents 
showed that the production of "A" was a good match to standard.    "B" was 
a bit on the  full side of standard but within allowable tolerance limits. 
"C" and "D" were dark and dull as a result of the carbon black tending to 
surface. "With the exception of the production of manufacturer "C", the 
entire'-run is considered successful. 

For the present study, samples were taken at four stages of produc- 
tion for most products:  (a) the vat dyed ground shade prior to application 
of pigment formulations, (b) the same after application of the resin 
bonded inorganic pigments, (c) resin bonded pigmented fabrics treated 
with a cationic water repellent, and (d) resin bonded pigmented fabrics 
treated with a resinous water repellent.    The Cramerton plant, at that 
time, was utilizing the cationic water repellent in connection with a 
contract originating with the New fork Purchasing Agency for Olive Green 
10? on 9 ounce cotton sateen.    Use of the resinous type was introduced 
because previous studies ^' had demonstrated some superiority of this 
type among the so-called durable water repellents, particularly with 
respect to resistance to anti-vesicant impregnation. 

3.    The special formulation of vat dyes developed under the Calco 
contract was applied in the Quartermaster laboratories jointly b7 repre- 
sentatives of the Calco Chemical Company and personnel of the Textile 
]Pyeing and Finishing Laboratory,    Ifyestuffs used were the product of a 
small pilot run and the total yardage processed was approximately 170 
yards^    The application of dyestuff was accomplished by padding using 
the Gessner Squeeze machine and processed in the usual manner on the jig. 

4«   The sulfur dyed fabric was prepared by the Textile Dyeing and 
Finishing Laboratory and was treated with a resinous water repellent. 
The formulation, developed in this laboratory, was selected from fast 
sulfur dyes which could produce a shade approximating Olive Green 107 
and was applied in accordance with usual procedures for this type of dye. 

5.    In order to evaluate the fabrics prepared with regard to expected 
performance under field conditions, the following color fastness tests 
were undertaken: 

Fastneas to Light;    In the Atlas Fade-O-Meter, Model FDAR, 160 
standard fading hours in accordance with Method 5660, Federal Specifica- 
tion CCC-T-191b. 

Fastness to Weathering:    In the National Weathering Machine for 
100 hours in accordance with Method 5671, Federal Specification CCC-T-191b. 
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Fastness to Mobile Laundering;    Thirty cycles using an anionic 
synthetic detergent in accordance with field procedures. 

Fastnass to Chlorine Launderiry;;    Twenty mobile laundering 
cycles using a solution of 0.1^ available chlorine as part of each 
laundering cycle. 

Fastness to Alternate Exposure to Light and Laundering;    Exposure 
for ten hours in the Atlas Fade-O-Meter, Model FDAR,  followed by mobile 
laundering using an anionic synthetic detergent.    Evaluations are based 
on five   mßVtitive cycles, 

6.    Color changes in the various fastness tests are based on curves 
obtained on a General Electric Recording Spectrophotometer equipped with 
a Librascope Automatic Tristimulus Integrator, located in the Pioneering 
Research Laboratory, using freshly prepared magnesium oxid^ as the basic 
reflectance standard.    Values of infrared reflectance wer« obtained frcx 
the spectral reflectance curve at one micron, as obtained on this 
instrument.    Color difference measurements reported are based on the 
Adams formula '^/.    Certain cf these samples were also studied with 
respect to diffuse spectral reflectance to 4.2 microns, ucing the White 
Corporation reflectance attachment to the Perkin-Elmer Infrared 
Spectrometer, Model 12-C^ with a lithium fluoride prism.    This instrument, 
based on the Sanderson ^ ^' principle, is located in the Materials Labora- 
tory, Wright Air Development Center. 

7»    Seam efficiency and yarn severance tests were performed by the 
Seams Laboratory of the Textile Materials Engineering Laboratory in 
accordance with test methods 5110 and 5400, respectively of Federal 
Specification CCC-T-lVlb.    Standard conditions for testing textiles were 
observed throughout.    Seams were made using the following conditions: 

049 round point, ball eye needle 
24/3 needle thread 
60/3 looper thread 
12-16 stitches per inch 

8, irfater repellency tests (spray rating, hydrostatic pressure and 
dynamic absorption) were conducted in accordance with Methods 5526, 5516, 
5500 and 5518 of Federal Specification CCC-T-191b by the Functional 
Finishes Laboratory. 

9. The following physical properties of the original fabrics were 
also determined by the Functional Finishes Laboratory in accordance with 
Methods 5100, 5132, 5122, 5030, 5041, 5450 and 5202 of Federal Specifica- 
tion CCC-T-191b. 
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Breaking atrength - pounds - grab method 
Elongation at break - percent 
Tear strength - pounds, ELnendorf 
Bursting strength - pounds 
Thickness - inches, 0,625 pounds per square inch 
Weight - ounces per square yard 
Air Permeability - cubic feet of air per minute per square foot 
Flexibility - at ambient temperature 

at minus 20°? 
after aging 6 hours at 200oF 
after aging 6 hours at 200oF and one cotton mobile 
laundering 

10, In addition, tests were conducted for resistance to anti-vesicant 
impregnation using the procedure outlined in Laboratory Directions No. 112 
published by the Chemical Corps Technical Command, Protective Division, 
In this test the samples are impregnated with Impregnite XXCC3 on a two 
roll padder to provide ten percent..by weight of the compound on the fabric 
in a manner previously described ^■L4'# The fabric is then aged for forty- 
six hours at 1750F (80oC), considered equivalent to box and bale storage 
for six months. 

11, The samples tested are identified in the tables of the Appendix 
by the following code: 

CODE DESIGNATION SAMPLE DESCRIPTION 

GO General Ground Shade for Resin-Pigment Formulation 
GR General Ground Shade Treated with Resinous Water 

Repellent 

AC Resin Bonded Pigmented Fabric using Ground Shade GO 
Produced by Manufacturer "A" 

AR Fabric AO Treated with Resinous Water Repellent 
AC Fabric AO Treated with Cationic Water Repellent 

BO Resin Bonded Pigmented Fabric using Ground Shade GO 
Produced by Manufacturer "B" 

BR Fabric BO Treated with Resinous Water Repellent 
BC Fabric BO Treated with Cationic Water Repellent 

CC Resin Bonded Pigmented Fabric using Ground Shade GO 
and Treated with Cationic Water Repellent Produced 
by Manufacturer "C" 

DO Resin Bonded Pigmented Fabric using Ground Shade GO 
Produced by Manufacturer "D" 

DC Fabric DO Treated with Cationic Water Repellent 

7 
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CONRDENTIAL 
CODE DESIGNATION (cont'd) S/MPLE DESCRIPTION 

ST 

CV 

s 

Present Vat    Dyed Standard for Olive Green 107 treated 
with  Cationlc Water Repellent 

Fabric Dyed with Newly Developed Vat Formulation 
Treated with Resinous Water Repellent 

Fabric Dyed with Selected Sulfur Dye Formulation 
Treated with Resinous Water Repellent 

RESULTS OBTAINED; 

1.    For the sake of convenience the detailed experimental data are tabu- 
lated in the Appendix to this report.    These tables summarize the following: 

Table It    Physical Properties of Original Test Fabrics for Comparison 
of Resin   Bonded Pigment, Sulfur, and New Vat   Dye Formulations 
for Control of Infrared Reflectance. 

Table II: Sewability Characteristics of Original Test Fabrics for 
Comparison of Resin Bonded Pigment, Sulfur, and New Vat 
Formulations for Control of Infrared Reflectance. 

Dye 

Table III: Water Repellency Characteristics of Test Fabrics for Comparison 
of Resin Bonded Pigment, Sulfur, and New Vat Dye   Formulations 
for Control of Infrared Reflectance, 

Table IV: Color Fastness Characteristics of Test Fabrics for Comparison 
of Resin Bonded Pigment, Sulfur, and New Vat Dye Formulations 
for Control of Infrared Reflectance. 

' Table Vr      Infrared Reflectance Values Observed in Fastness Tests of 
Test Fabrics for Comparison of Resin Bonded Pigment, Sulfur, 
and New Vat Dye Formulations for Control of Infrared 
Reflectance. 

Table VI:    Resistance to Anti-vesicant Impregnation of"Test Fabrica for 
and Vl-a      Comparison of Resin Bonded Pigment,  Sulfur, and New Vat Dye 

Formulations for Control of Infrared Reflectance, 

Spectral reflectance curves are shown in the Appendix for all of the 
fabrics subjected to color fastness tests and representative samples of 
those treated with anti-vesicant impregnation.    These curves cover the 
range from 400 to 1000 millimicrons, as obtained on the General Electric 
Recording Spectrophotometer.    Also, diffuse spectral reflectance curves 
from 1*0 to 4*2 microns, as obtained on the White attachment to the 
Perkin-Elmer Infrared Spectrometer, are shown for four samples:    the 

8 
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present vat standard for Olive Green 107, the resin bonded pigment formu- 
lation, the sulfur dyed fabric, and the newly developed vat formulation,. 
Code AR was selected from among the resin bonded pigmented fabrics be- 
cause it came closest to matching the visual shade for Olive Green 10? 
and the recommended infrared reflectance value. 

2.    From an examination of the physical data of Table I it is 
evident that each sample is inferior in some characteristics and superior 
in others to the standard and to each other.    In order better to evaluate 
the physical data, the values obtainod on the two resin bonded pigmented 
fabrics treated with resinous water repellent were averaged,    (Codes AR 
and BR).    The values thus obtained were compared with the average valuas 
obtained from the four resin bonded pignwnted fabrics treated with the 
catlonic water repellent (Codes AC,  BC, CC, DC), the standard, the 
special Calco vat, and the sulfur dyed fabrics.    To place the data on a 
common basis, each factor was compared to the standard, which was 
arbitrarily assigned a rating of 100,    Ratings with regard to the first 
four variables (breaking strength, elongation, tear strength, and burst- 
ing strength) are direct ratios of sanple to standard.    The last three 
variables (weight, air permeability,  and flexibility) are evaluated as 
inverse ratios, because quality with respect to these peram*. *rs is an 
inverse function of the quantities measured.    It is evident      om this 
treatnwnt of the data that, as far as physical properties are concerned, 
all of the colorant methods considered are at least as good as the 
standard from an over-all view, if equal importance can be assigned to 
each factor.    The table below summarizes this analysis, 

TABLE A 

Comparison of Physical Properties of Resin Bonded Pigmented, 
Sulfur, and New Vat Dyed Fabrics with Standard 

AR, BR   AC, BC CV 
CC, DC 

119 Breaking Strength 121 96 104 

Elongation 72 05 96 108 

Tear Strength 97 102 129 110 

Bursting Strength 129 128 122 113 

Weight 98 97 107 9'( 

Air Permeability 112 132 102 116 

Flexibility 63 94 102 11? 

Average of all seven 
variables 

102 108 108 109 
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3. From Table II it is evident that, with reapect to eeur efficiency 

and yam severance, the Calco special vat and sulfur dyed fabrics are at 
least as good as the standard. A significant point ob»erved in these data 
is the remarkable improvement in sewability of the resin bonded pigmented 
fabrics, after water repellent treatment, to the point where they may be 
considered almost as good as the standard. The improvement of these 
fabrics may be attributed in large part to the improved flexibility im- 
parted by either type of water repellent,, 

4. The water repellency data of Table III show nothing to alter 
previous observations to the effect that the water repellents used in this 
study give adequate results when properly applied., regardless of whether 
they are applied over vat dyed or resin bonded pigment bases» 

5» Because the mass of data in Table IV requires considerable study 
in order to assess its full significance. Figure A is presented to summar- 
ize the observations with respect to color fastnese. In this case the 
Calco special vat, sulfur dyed and resin bonded piguented (Code AR) 
fabrics are compared to the standard with regard to  the units (Adams) of 
color change calculated for each of the various t^&t».    Fabric AR was 
selected because it was the best of the resin-plgmented fabrics produced 
with respect to visual shade, infrared reflectance, color fastness and 
ease with which the formulation was applied at Craaerton. The heights of 
the bars are directly proportional to the color change« observed. By 
integrating the area defined by the bars, an over-all evaluation of the 
color fastness may be assigned. Rating the samples on this basis places 
the formulations in the following rank order: Calco special vat (96), 
resin bonded pigment (119), standard (130), and sulfur (301) in order 
of decreasing fastness. Some of the other reslh bonded pigmented fabrics 
are not as good as Code AR or AC. This is particular!/ true of Code CC 
and DC. The reasons for this relate to manufacturing difficulties dis- 
cussed previously and will be considered in the Discussion. 
(Figure A follows on succeeding page). 

6. Table V presents the data on the infrared reflectance of all 
the test fabrics in the original state and also after the color fastness 
tests. The present standard has an infrared reflectance which is con- 
sidered too high to provide adequate concealment, in a cold-wet climate. 
Both the recently developed Calco vat dye formulation and the resin 
bonded pigment system achieve reflectance values which meet the recommen- 
dations of the Corps of Engineers. The specific sulfur dyed fabric has 
a reflectance in the region of sniperscope sensitivity which is much too 
low. It is unusual to find sulfur dyed fabric«, of a shade as deep as 
Olive Green 107, having infrared (sniperscope) reflectance very much 
higher than ten or twelve percent. It is possible, however, to alter the 
formulation by using selected sulfur dyes to meet the recommended condi- 
tions . 
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COLOR CHANGES OBSERVED IN FASTNESS TESTS FOR STANDARD OLIVE GREEN 107, 
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Th* data »f Tabl« V shew what changes may be expected In Infrared 

reflectance when fabrics are subjected t« field cendltlens,    Exaoilnatlen 
ef this table shews that beth the  Calce special vat dyes and preperly 
appJied resin bended pigiwnt femulatlens will prevlde Infrared reflec- 
tance values within the allewable Units recenneHded by the Cerps ef 
Engineers during the life ef the gament.     The peorest sanple ef the 
greup with respect te fastness In infrared reflectance Is the sulfur 
dyed fabric.    If adjustments were made te  prevlde pr*per Infrared re- 
flectanc» en the erlglnal fabric, the reflectance ef the fabric in field 
use weuld Increase rapidly, te the peint where it weuld seen be eutslde 
the recemended limits. 

7. Data ef Table VI, Illustrating the effect ^f Impregnite IXCC-3 
en the breaking strength ef the test fabric«, shew cenclusively that 
neue ef the femulatlens can be expected te withstand well the extreme 
degradatlve cendltlens which exist in the test.    This test requires that 
fer a fabric te be censldered satlsfactery, it nust retain fifty percent 
ef its strength and fifty p rcent e'    »e anti-vesicant after impregna- 
tien with ten percent Impregnite TOLt^     and subsequent aging.    The water 
repellent treatments en seme ef the resin bended pigmented fabrics 
prevented abserptlen ef the requisite ten percent anti-vesicant. 
Samples ef fabric censldered in this repert,  submitted te the Army 
Chemical Center, were subjected te the same  analysis by the Chemical 
and Sadleleglc&l Laberateries.    Im these tents, the samples were aged fer 
seventeen er twenty-three heurs, a departure frem instructiens^ited 
abeve te allew a better cemparisen ef fabrics.    These data (1°', 
siumsarlzed in Table Vl-a, are in substantial agreement with results eb- 
talned in these laberateries.    Recegnizing the departure frem the abeve 
cendltlens, the enly ebservatlen Which can be made with assurance is 
that the resin bended pigmented fabrics, when preperly treated with water 
repellents are »uperler te the standard, the recently develeped vat fermu- 
latlen and the sulfur dyed fabrics.    Prerleus studies ^    ' have shewn a 
superlerlty ef the reslneus type ever catienlc type water repellents 
with respect te the pretectien afferded fabrics frem the ravages ef 
Impregnite. 

In this cennectien the meet ebvieus difference between the varieus 
test fabrics «ccurs In the effect ef the anti-vesicant en the celer ef 
the fabric.    Spectral reflectance curves, which are presented in the 
Appendix, shew that the resin bended pigmented fabrics are virtually 
unaffected with regard te celer and infrared reflectance, as cempared 
with the ether fabrics.    The Calce special vat dyed sample becemes a 
deep resc er brick red celer after aging; the  standard Olive Green 107 
and the sulfur dyed fabrics are bleached te a pale, dirty yellew» 

8. Spectral reflectance curves te 4.2 mlerens, as ebtalned en the 
White attachment te the Perkin-Elmer Infrared Spectremcter, shew that 
enly the resin bended pigmsnted fabrics can be depended upen te prevlde 
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low r«fl«ct«nc» throughout  this Bp«ctr»l rtglon of futur« int«r««to 
Th« basic charactsristic» of th«»« fabric« which stand out in thasa 
figuras ars    a) tha aharp riaa in ths raflactanc» curv« o.f vat dyas 
baginning at about 700 milliiiiicronfl to a vary high valu« in ths two 
micron rsgion, b) tha comparativaly constant raflsctanc« valus ob- 
sai-vad on th« rasin bondad pigmtntsd fabric batwaan 1,0 and 2,3 microns, 
and  c) th« intarmadlats valuss obssrvad for th« sulfur dyad fabric.    It 

wa« pointad out «arliar that th« sulfur dy«d fabric had too low a ra- 
flactanc« in th« on« micron ragion.    Th« r«fl«ctanc« at 1.0 micron was 
9 parcsnt and at two micron« about twanty-flv« p«rc«nt (th« «xact valu« 
d«p«nd8 on th« amount of molstur« in th« fabric).    If adjustments in tha 
formulation w«r« mada to provid« a r«fl«ctanca of twanty p«rc«nt at on« 
micron, tha r«fl«ctanc« at two microns would b« approximataly forty par- 
cant.    Furthsrmor«, th« poor fastnsss propsrti«« of thi« fabric would 
r««ult in «v«n high«r valua« aftar r«lativ«ly limit«d fi«ld us«.    Th« 
Calco «p«cial vat dyad fabric «hows litt la improv«m«nt ov«r th« pr«s«nt 
standard bayond on« micron.    Considsration of th« n«ar infrar«d spsctral 
ragion b«yond on« micron i« discusssd mor« fully in anothar r«port by 
on« of th« authors tl5}# 

ANALTTICAL DISCUSSION OF THE RESULTS OBTAINED: 

In discussing th« m«thods pr«««ntly availabla for obtaining 
optimum rafl«ctanca in th« infrarad ragion of tha spactrum, a briaf 
analysis of aach colorant systam would s««m to b« in ord«r. 

1. Th« pr«s«nt vat dyad standard for Oliva Gr««n 107, consid«r«d 
as tha rafaranca point for all «valuation« axcapt infrarad r«fl«ctanca, 
stands out as a vast improrsmant ov«r previous uniform matsrial.    For 
any of tha othar fabrics to ba consid«r«d adäquat«, th«y must compara 
favorably with this standard with raspsct to color fastnass and physical 
propartias and still maat th« infrarad r«quir«m«nts. 

2, Th« Calco-davalopad special vat formulation ratas favorably 
with tha standard with ragard to tha physical pirpartlas r«port«d in 
Tablaa I and IIj in son» instances it actually surpasses the  standard. 

Pynamlc absorption data, presented in Table III,  show that th« 
valu«» for this fabric (and also for son» of th« r«sin bondsd pigm«nt«d 
fabrica) are high, although with respect to spray rating and hydrostatic 
pressure measurements, its performanc« is excellent.    Such data may 
Indicate that removal of surface active agents usad in th« dy«ing opera- 
tion was incomplete.    The new vat dyes, as represented specifically by 
the formulation chosen for this study, will show little color deteriora- 
tion in field use and compris«, in fact, the only colorant system which 
may b« considered «qu&l to or b«tt«r than the standard In every fastness 
test.    Only with respect to light fastness is this formulation surpassed 
by tha resin bonded pigmented »yot«m.    Th« n«w dy«s hav« satisfactory 
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•p«ctral prcpcrti«! initially, yt, unlik« th« sulfur dy«» which d«t«ri- 
orato ra^dily, th« r«c«ntly drralopad vat formulation ratain« thaa« 
daairabla propartiaa ov«r a larga numbar of cycla* of all dagradativa 
taata (axcapt raaiatanc« to Impragnlta),  both in visual shada and infra- 
rad raflactanca. 

Tha curva» in th« Appandix,  ihovdng th« diffus« spsctral raflac- 
tanca in tha ranga to 4.2 microns, damonatrata th« vary sharp ria« in 
raflactanca for thasa fabrics at ona micron.    Th«»« n«w dy«s ara adäquat«, 
tharafora, to produca fabrics having satitfartory camouflaga proparti«« 
only against tha US Snipsrscopa, Modal M-2, or similar instrument»<.    If 
imaga forulng davicas capabla of datacting radiation bayond 1.2 microns 
war« «nployad, thasa dy«s would of far no acvantag« ov«r tha prasant 
standard. 

As is avidant from th« data of Tabla VI and r«fl«ctanca curvaa in 
tha Appandix, tha disintegration of this fabric in tha pras«nc« of CWS 
Impragnita is virtually complata.    It ia intarasting to nota, rafarring 
to Figur« 22, tha  ahift of th« absorption maximum at about 700 m^v 
to almost 800 mx/ during this trsatmant, tharaby axtanding furthar into 
tha infrarad tha region of controllad raflactanc«.    Th« ch«raical proc«ss«s 
involvad in thia traatnant and th« cffact it has on tha dyastuffs us«d 
in this vat formulation may provida a clua as to how chandcal structure 
may b« modified to produce dyestuffs having absorption maxima at longer 
wavelengths. 

3.    It was pointed out previously that the apparently good infra- 
rad properties of th« sulfur dyed fabric ar« not real, because tha 
raflactanca in tha  range of snlperscopa sansitivity is too low.    If ad- 
Ju«tm«nts ware mad«-in the formulation to achieve proper raflactanc« in 
tha on* micixm ranga, than tha raflactanca in extended regions of the 
infrarad would probably be too high.    Furthermore, thj deterioration 
of color in all phase« of tha color fastness teats procludea further 
consideration of this type of dyeing ibr military fabrica.    Vat dyaa 
ara far superior in the visual ranga, while both the recently developed 
special vat and tha resin bonded inorganic pigment aystsm are superior 
in tha infrarad.    In addition, the sulfur dyed fabric demonstrated no 
rasistanc« to Impragnita XXCC3 traatmant. 

4*    In considarlng tha retin bonded inorganic pigment system 
cartain factors, which are unique to thia colorant technique, must be 
discussed in detail.    Tha departure from usual dyeing procedures empha- 
sizasfactors previously considered of comparatively minor concern, at 
least as far as evaluating colorant systema.    The physical condition of 
the resin bonded plgmented fabrica before traatmant with water repellents 
or laundering is considered rather poor.    Tha fabrics in tha original 
condition are quite stiff, resulting in poor tear strength, hand,  and 
»ewability.    Upon treatment with either water repellent, however,  th««« 
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d«ficl«nci«» wer« largely ov«rcom«. 
laund«rlng. 

Further improv»ra«nt result» *ft«r 

Th« r««in bond»d pigin»nt«d fabric« con8id«r»d in thi« report differ 
from the sptcial vat dyed and sulfur dyed fabric« In that they are 
product» of four different manufacturer« and were produced with formula- 
tion« which differ somewhat from each other.    The chemical nature of the 
pigments i« similar but the physical state of these pigments, the resin« 
and emulsifier« used in the padding liquor differ conriderablyc    Differ- 
ences in formulation, to a greater degree than any other factor, account 
for the variation« observed in the production run» and final fabric« 
The comparative lack of compatibility of component« in the padding liquor 
was the cause of the «xcesalve flushing of carbon black experienced in 
the run by manufacturer "C.    To illustrate the effect of this compara- 
tively poor formulation, compare fabric CC with «ample« AC, BC, and DC 
through the variou« phase« of the evaluation.    Sine« these fabric« were 
produced on the same lot of fabric, treated with th« same water repellent, 
and produced by the «am« psraonnel, the deviation« obeerved, being more 
than statistical,  cannot be attributed to these factors. 

The result of carbon black flushing to the surface was to give 
fabrics which were too dark and dull visually and somewhat lower in 
infrared reflectance than the others.    Because of the poorer emulsir:» 
this fabric showed poor fastness in the laundering test«.    It had the 
effect, however,  of producing a fabric with outstanding fastness to light> 
because the carbon black on the surface of the fabric i« virtually inert 
under such conditions and covered the more light sensitive colorants. 
Furthermore, fabric CC rates much lower than the others in the strength 
measurements (breaking, tear, and bursting), although ostensibly treated 
in the sane manner. 

It was concsded by manufacturer "C that the fabric processed with 
his formulation was unsatisfactory, and th« run was terminated after only 
one-fifth of the planned production had been completed.    Since the comple- 
tion of the production rim at the Cramerton plant, this pigmnt manu- 
facturer has devoted considerable laboratory research to improve his 
product.    It is now believed that this has been effected, although not 
proven in production. 

Discounting fabric CC, inspection of the experimental data reveal« 
that the resin bonded pigment system, when properly treated with water 
repellent«, may be considered excellent.    It rates slightly above the 
standard in phy«ical properties and co^or fastne«« and only «lightly below 
the standard In sewability.    In color fastnsss it is somewhat surpassed 
by the recently developed vat dye formulation of Calco. 
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The differences no^ed in the data of Tables 1, II, III and IV are 

small and any deficiency of the resin bonded pigmented fabrics in these 
factors ar» more than compensated when the advantages unique to this 
colorant system are considered.    The three successful runs produced 
fabric within the limits for infrared reflectance, recommended by the 
Corps of Engineers as 20% £ $%•    The original fabrics have values of 
reflectance at one micron of approximately eighteen percent which rise 
during the expected life of a garment to about twenty-two percent, 
entirely within the allowable range for optimum camouflage.    The spectral 
reflectance of these fabrics remains almost constant from one micron out 
to about 2.5 microns, the expected practical limit for active, image 
forming viewing devices ^K    Furthermore^, the principles involved in 
this system allow for wide flexibility in practice.    Bty changing the 
ground shade and chromatic pigments,  any of the he xvier military shades 
can be matched visually, and still provide control     ^ infrared reflec- 
tance.    In fact, the technique has been modified £<      ;ool and wool-nylon 
fabrics ^' resulting in a reflectance of about twenty percent through- 
out the near infrared to 2.3 microno ^*' on a sample which matched the 
visual shade Olive Green 108.    It is believed that the spectral reflec- 
tance of the resin bonded pigmented cotton fabrics and incidentally, the 
acid-colloid treated wool fabrics, approach the anticipated requirements 
for good camouflage in the near infrared to 2.5 microns.    An important 
advantage of this colorant system is that indicated corrective measures 
can be taken with relative ease. 

,v. 

Ability of the resin bonded pigmented fabrics to resist to a degree 
the extreme degradative effects of Impregnite XXCC-3 1» an important 
difference observed among the fabrics.    Although considerable physical 
degradation of the fabrics and anti-vesicant occurs, the effect of 
Impregnite XXCC-3 on the color of these fabrics is negligible compared 
with the total break-down observed for vat and sulfur dyed fabrics, 

5.    The double dyeing procedure which is necessary for production 
of resin bonded pigmented fabrics adds to the cost.    Differences in the 
cost of producing end item ensembles using resin bonded pigments at an 
estimated increased cost of |0,09 per yard or the Calco special vat dyes 
at an. estimated increased cost of $0.05 per yard are tabulated below» 

The following figures, given for the resin bonded pigment system, are^ 
necessarily, based on fitting the operation into the existing facilities 
of the particular plant chosen for this atudy.   In the production run at 
the Cramerton Division of Burlington Mills, the fabric was first vat dyed 
and dried.    It was then pigment padded and fed through a dryer, tenter 
framed, and oven cured in one continuous operation.    This was followed by 
the water repellency treatment which repeated these operations again.   In 
this manner the complete production extondeu about three times as long as 
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it might hare under more efficient operation.   Rehandling of fabric r   ' 
the fact that the equipment could handle only one step at a time contribute 
a major portion of the cost differential observed.    If application of 
resin bonded pigments were to become a routine production method, consid- 
erable savings in the following estimates could be realized by synchro- 
nization of tho steps involved. 

Estimated Increased Cost 

Item Cost     Increased Cost Percent 

Tronsers. shell, field. M-19^1 
a. As procured at present $6.90 — 
b. Procured with resin bonced 

pigment treated fabric       7.2A        3.7 
c. Procured with new QM vat 

dyed fabric 7.12        2.0 

Jacket, shell, field. M-1951 
a. As procured at present 13.50 
b. As procured with resin 

bonded pigmented fabric     13.9S        3.6 
c. As procured with new QH 

vat dyed fabric 13.77        2,0 

6. As noted in previous studies CU) the resistance to Impregnite 
XXCC-3 is a function not only of the basic colorant formulation, but to 
a marked degree of the type of water repellent used in finishing. The 
resinous type of repellent gives a measure of protection, while cationic 
types appear to hasten the degradatlve processes. 

7. From the standpoint of comnercial production, both the resin 
bonded pigment system and the new vat dye formulation are practical. 
The colorants and resins for the former technique are readily available. 
The dyestuffs for the new vat formulation could be mass produced with 
existing equipment. The minor difficulties encountered at the Cramerton 
Mills were of an engineering nature and could be overcome quite readily 
by mill personnel. The knowledge obtained during the production run will 
prevent a recurrence of the experience of manufacturer "C". 

CONCLUSIONS REACHED; 

The results of this investigation lead to certain unequivocal conclu- 
sions; 

i 

IS* No fabric tested ia connection with this report han compl&tely 
adequate resistance to the anti-vesicant, Impregnite XXCC-3»    The nature 
of this material is such that it is an exceedingly actltre oxidizing agent 
Wbich is capable of severely attacking cellulose or protein fibers. 
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If subjection of fabric to   such treatment crn be avoided, then 
the matter of developing coloranti for textiles to provide camouflage 
againat the present  type  eniperacope can be considered concluded,,    Two 
colorant systems, the resin bonded inorganic pigment and a recently 
developed vat dye formulation present two practical solutions to the 
problem. 

2. The poor resistance to anti-vrsicant impregnation shown partic- 
ularly by the vat and sulfur dyes, ard to a degree by the rasin bonded 
pigmented fabrics, may be correctible by either chemical modifications 
of molecular structure of colorants or by the development of resins 
which afford better protection to the fabric. 

3. From a long range viewpoint, the  resin bonded pigment system, 
evsn though it may be somewhat more costly and with certain minor 
deficiencies with respect to physical properties of the fabrics, proves 
the better answer to the infrared camouflage probl«n.    When one considers 
that a colorant system has been developed which has good fastness 
properties, is adaptable to many different shades on different fibers, 
better resistance to anti-vesicant impregnation and provides control of 
reflectance throughout the useful near infrared soectrum, the minor 
deficiencies observed are «itirely over-shadowed. 

4. Because the research contract with the Calco   Chemical Company 
was successful in developing vat dyes Wiich extended the range of 
controlled reflectance and observations made in this report on the 
effect of chemical treatments on the reflectance spectrum of these dyes, 
the search for colorfast dyes, which can impart lower reflectance 
beyond one micron, appears hoptful. 
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PART A;    TABLES OF EXPERIMENTAL DATA. 

Table I.   :    Physical Prap«rti«5 of Original Test Fabrics fsr 
Comparison of Rssin Bonded laorganlc Pigment, Sulfur 
aad New Vat pjre Femtulatieas fer Centrel of Infrared 
Reflectance. 

Table II :    Sewabillty Characteristic« ef Original Test Fabrics 
fer Ccmparisen ef Resin Bended Inorganic Pigment, 
Sulfur and New Vat bye Fermulatiens fer Centrel ef 
Infrared Reflectance. 

Table III: Water Repellcncy Characteristics ef Test Fabrics fer 
Cemparlsen ef Resin Bended Inorganic Pigment, Sulfur 
and New Vat Dye Formulations for Ceatrel of Infrared 
Reflectance. 

Table IV r    Color Change Observed in Fastness Tests ef Test 
Fabrics for Comparison of Resin Bonded Inorganic 
Pigment, Sulfur and Ntw Vat    Dye Formulations for 
Control ef Infrared Reflectance. 

Table V    :    Infrared Reflectance Values Observed in Fastness 
Tests of Test Fabrics fer Comparison of Resin Bonded 
Inorganic Pigment, Sulfur and Now Vat Qye Formulation» 
for Control of Infrared Reflectance. 

Table VI 
and VI-a : Resistance to Impregnite XXCC-3 of Test Fabrics for 

Comparison of Resin Bonded Inorganic Pigment, Sulfur 
and New Vat Dye Formulations for   Control of Infrared 
Reflectance. 
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TABLE II 

SEWABILITY CHARACTERISTICS OF ORIGINAL TEST FABRICS FOR 
COMPARISON OF RESIN BONDED INORGANIC FIGMENT, 

SULFUR, AND NEW VAT DYE FORMULATIONS FOR 
CONTROL OF INFRARED REFLECTANCE 

Suipl« Fabric S«aa Son Yani 
Cod« Strength Strength Efficioncv» 

(Porcont) 
Sovoranc«** 

(Pounds) (Pounds) (Numbor) 

69 

Warp 

1 

Fillin« 

GO 196 135 20 
GR 157 146 93 0 0 

AO 192 135 72 9 23 
AR 181 161 89 1 3 
AC 182 172 95 1 1 

BO 222 116 52 22 42 
ER 171 U5 85 3 5 
BC 191 174 91 0 1 

CC 176 164 93 0 0 

DO 189 99 53 10 40 
DC 181 150 83 2 3 

ST 131 126 96 0 0 

CV 140 139 100 0 0 

S 145 146 100 0 0 

* Avarag« of 5 tasta 
** Ararag« of 3 toats 
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TABUS III 

WATER REPELUBNCY CHAfl ACTERISTICS OF TEST FABRICS FOR 
COMPARISON OF RESIN BONDED INORGANIC PIGMENT, 

SULFUR, AND NEW VAT DYE FORMULATIONS FOR 
CONTROL OF INFHARED REFLECTANCE 

Sampl» 
Cod« 

Spray Rating % 
kfUr 

Hydrostatic Prtssur« Cm. 
Aft«r 
Laund«rin^ 

Dynamic Absorption % 
Initial 

50 
100 

L«und«rin^ Initial 

-          16.3 
90          42.6 

Initial 

15.6 

AfUr 
Laundering 

GO 
GR 

22.9 32.0 
AO 
AR 
AC 

70 
100 
100 

80 
80 

28.0 
39.7 
38.0 

29.8 
21.5 

15.0 
18.4 

24.6 
30.6 

BO 50 __ 17.8 
BR 
BC 

100 
70 

70 
70 

40.9 
36.9 

25.4 
25.0 

37.7 
25.7 

35.5 
36.9 

CC 70 100 39.3 24.0 35.0 27.9 
DO 
DC 

0 
90 70 

16.3 
42.4 26.5 31.6 39.3 

ST 100 80 39.5 25.8 14.4 29.2 
CV 100 80 32.1 21.5 33.7 42.0 
S 90 70 30.0 ~   22.3 44.2 45.1 
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TABLE IV 

COLOR CHANCES OBSERVED IN FASTNESS TESTS ON TEST FABRICS FOR 
COMPARISON OF RESIN BONDED INORGANIC PIGMENT, 

SULFUR, AND NEW VAT DYE FORMULATIONS FOR 
CONTROL OF INFRARED RFFI£CTANCE 

Sample 
Codt 

Light 
Fastaaas 
1<0 hre 

0.9 

Alt.Light 
& Laundry 

5 cycl«8 

1.9 
2.0 

Chlorin« 
Laundry 
20 cycles 

4.0 
2.9 

Mobil« 
Laundry 
30 carclas 

4.9 
4.6 

Weathering 

100 hours 

GO 
GR 

2.0 
1.6 

AO 
AR 
AC 

0.9 
0.9 
0.7 

2.6 
1.5 
1.1 

4.8 
3.9 
3.4 

6.5 
4.6 
4.9 

1.1 
1.0 
0.9 

BO 
m 
BC 

0.5 
0.4 
1.1 

3.1 
1.1 
1.6 

4.5 
4.8 
3.9 

6.6 
6.3 
6.1 

1.0 
1.0 
1.1 

CC 0.1 1.8 6.6 8.6 0.9 

DO 
DC 

1.6 
1.0 

2.6 
2.1 

4.5 
4.2 

6.7 
5.6 

1.3 
1.1 

ST 1.6 2.1 3.4 4.7 1.2 

CV 1.8 1.2 2.6 2.9 1.1 

S 5.4 5.2 6.9 6.0 6.6 

♦Not«:   Th« units of color difforouo «ro thss« doflaod by r«f«r«nc« 12 
and «no such unit is ceasidsrod a diff«r«nc« in color no groat or 
tnaa would bo accoptahl« as a c«aa«rcial aatch. 
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TABLE V 

INFRARED REFLECTANCE VALUES OBSERVED IN FASTNESS TESTS ON TEST FABRICS FOR 
COMPARISON OF RESIN BONDED INORGANIC PIGMENT, 

SULFUR, AND NEW VAT DIE FORMULATIONS FOR 
CONTROL OF INFRARED REFLECTANCE 

Sampl« 
Cod« 

Initial 
Valu« 

Light 
FastiMss 
160 hrs 

45.5 
46.5 

Alt. Light 
& Laundry 
5 cycl«8 

43.5 
45.5 

Chlorine 
Laundry 
20 cycloB 

42.0 
48.0 

Mobil« 
Laundry 
30 cycl«8 

43.0 
45.5 

leathering 

100 hours 

GO 
GR 

A4.0 
44.0 

43.5 
42.5 

AO 
AR 
AC 

18.0 
18.0 
17.5 

18.0 
18.0 
17.0 

18.5 
19.0 
18.5 

20.5 
21.5 
20.0 

22.0 
21.5 
21.0 

17.0 
17.5 
17.5 

BO 
BR 
BC 

19.0 
15.5 
17.0 

19.0 
16.0 
16.0 

22.0 
17.0 
17.5 

21.5 
21.0 
20.5 

24.5 
23.0 
22.5 

18.0 
16.0 
17.0 

CC 14.0 14.0 15.5 19.5 21.5 14.5 

DO 
DC 

15.5 
15.5 

17.5 
16.0 

18.5 
18.0 

20.0 
20.5 

22.5 
21,0 

15.5 
16.0 

ST 32.0 32.5 32.5 32.0 34.0 33.0 

CV 20.0 19.0 20.0 21.0 21.0 20,0 

S 9.5 15.5 15.0 20.5 13.0 16.5 
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TABUS VI 

RESISTANCE TO IMPREGNITE ZZCC-3 OP OHIGIMAl TEST FABRICS FOR 
COMPARISON OF RESIN BQMDBD INOBGANZC PIGMENT« 

SULFUR, AND NEW VAT DIE FOHHULATIONS Ft» 
CONTROL OF INFRARED REFI£CTANCE 

SajEpl« 
Cod« 

T«nail« Strwurth 
% Impr« 

Aftar Pad 
Origin*! 

W*rp   Filling 
AfUr Agß 

Warp   FilliBÄ 
% L»*8 

Warp   Fillin« 
gnita 
Aftar A« 

1 GO 165 159 91 71 45 45 8.7 0 

i 

GR 130 104 44 43 66 59 6.3 0 

[ 

AO 
AR 
AC 

128 
150 

95 

104 
131 

-k5 

45 
54 
56 

42 
54 
47 

65 
64 
41 

60 
59 
45 

7.9 
8.2 
4.8 

0 
0 
0 

BO 
SB 
BC 

111 

117 

103 
134 
117 

64 
49 
75 

61 
42 
60 

42 
67 
36 

41 
69 
48 

6.1 
10.5 
4.2 

0 
0 
0 

i cc 117 101 43 26 63 74 7.8 0 

'. DO 
DC 

117 
123 

114 
103 

31 
30 

„as 
23 

74 
76 

84 
77 

6.8 
8.2 

0 
0 

ST 130 106 0 0 100 100 12.5 0 

1 cv 145 119 13 8 91 93 11.3 0 

I S 139 122 19 U 07 89 11.6 0 
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C0NH0£NT1AL 
TAHI£ n-i* 

RESISTANCE TO IMPREONITE XXCG-3 OF ORIGINAL TEST FABRICS FOR 
COMPARISON OF RESIN BONEED INORGANIC PIOffiNT, 

SULFUR, AND NEW VAT DIE FORMULATIONS FOR 
CONTROL OF INFRARED REFLECTANCE 

ÄCC-3      Hours   Loss of   Tsnsil«                   Rsc«p- Compatibl« 
Samplt   Appliod    of         2XCC-3,    Strongth Color     tivity to     (Color Chsng» 
Cod«     % AgJr^   j^    Losa. ^   Changs   Imprsgnlto*» Excopbod) 

GO         9.50         17           40                3       Grosnish-    Good Yos 
ysllow 

OR         7.00         17           96               31         Normal       Poor No 
AO         8.29         23            93               5k         Normsl        Poor No 
AR         6.77         17           02              25         Normal       Poor No 
AC         6.45         23            94               66         Normal        Poor No 

BO         9.50         23           93              64         Nonnal       Good No 
BE         7.20         23            91               45         Nonnal       Poor No 
BC         6.65         23           90              76         Normal       Poor No 

CC         7.68        23           96              1*6        Normal       Good No 

DO         8.76         23           83              40         Normal       Poor No 
DC          5.95         17           85               12         Normal       Good No 

ST         7.13         23           99              66       Grosaish-   Good No 
yollow 

CV         6.55         23            91               22       Brow           Poor No 

S           9.96         17           91              53       Groonish-   Poor No 
brown 

*   Data submlttod Ctaomical and Radiological Laboratories, Army 

■iKV 

Chomical Contor 

Samplos that -have poor receptivity to Impregnite picked up th« greater 
portion of th« XXCC-3 on th« surface of th« fabric.    Modification of 
tho Impregnation formulation would b« n«o«ssary for th« satisfactory 
impregnation of thoa» fabrics. 
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PART B:    COLORANT FORMUUTIONS OF TEST FABRICS 

Pfa«Bt 7«t Dyd Stiidard. Qllv Gvmn 107. 

Vat Oliv« T 
m Oliv» Grw» B - Pr 293 
Vat Khaki 2G — Pr 122 
Shaded with a small aaaunt of Vat Yallaw GC — Pr 9 

Solfur Qyd Fabric (ApprarÜEataly Olira Grtw. 107). 

Calcagaa« Oliv« GCF, cone. 
Calcogan« Oliv« Drab YCF 
Calc«g«K« Brown NLCF 
Shadad with small amounts of 

Calcegsa« Bordoaux OR, cone. 
Calc«g«n« Gr««B ISCP, cone. 

Vat ggd ar«uad Shad«. 

7at Oliv« T 
Vat Oliv« Gr««a B — Pr 29> 
Vat Khaki 20 — Pr 122 

H«w Quart^rmastor Va^ Ejyad Fabric. 

S«s«arch Product 1-146 
R«8«arch Product 1-99 
Shadsd with Vat ftdHisut Gr««B BN 

Rosin Boadod Inorgamic Pigmontod Fabric«. 

;■ 

Tho formulations usod wms* «f ttam mamitfacturors' mm choosing, «nd 
woro, In gonoral, thoir own prmdaets. 

Manufacturer "A". 

Carbon black dispsrsioa 
Chromic ozldo disporsloa 
Bindor- oil modifiod alkyd rosin, butylatod molsmln« and 

a littl« acxylenitrilo-butadian« copelymor 
Sodium alginato 
Ammonia 
Ololc acid 
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Manufactur«r "B". 

Carbon black dlaptrslon 
YtUow iron oxld«   dlspcrsloa 
Gr««n (Prussian blu«, barium chromat«} dispersion 
Bind«r-butylat«d molamin« and oil modifiod alkyd rosin 
Sodium ./LLginat o 
Ammonia 
Oleic acid 

Manufacturor WC". 

Carbon black disporsion 
Chromic exia« disporsion 
aindor-butylatod molamino and oil modifiod alkyd rosin 
AnBonia 
Sodium alginat« 
Oloic add 

Manufacturor "D*. 

Carbon black disporsion 
Chromic oxido disporsion 
Bindor-alkyd rosin,othyl colluloso,  and butylatod molamino 
Ammonia 
Sodium alginato 
Oloic acid 
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CONFIDENTIAL 
PART C; SPECTRAL REFLECTANCE CURVES OF TEST FABRICS SHOWING EFFECTS OF 

THE VARIOUS FASTNESS TESTS, FHDK 400 MILLIKICRCNG TO 1000 
MLLIMICHONS. 

Figur« 

Figur*« 

Figures 

Figur«s 

Figures 

Figur*« 

Figures 

Figur«« 

Figur«« 

Figur«s 

Figur«« 

Figur«« 

Figur«« 

Figur«« 

1 aad la« 

2 oad 2a 

3 «ad 3a 

4 aad 4a 

5 aad 5« 

6 aad 6a 

7 aad 7a 

8 aad 8a 

9 and 9a 

IQ aad 10a 

11 aad 11a 

12 aad 12a 

13 aad 13a 

14 aad 14a 

G«a«ral Ground Shad«, Cede GO. 

Geaeral Greuad Shade, Cede GR. 

Resla Bended Inergaaic Pigaeated Fabric, Cede AC 

Resla Beaded laorgaalc Pigasated Fabric, Cede AR. 

Resla Beaded laergaalc Pigmented Fabric, Cede AC. 

Resla Beaded laergaaic Pigaeated Fabric, Cede BO. 

Resla Beaded laorgaalc Piga««t«d Fabric, Cede BR. 

Refla Beaded laergaaic Pigawted Fabric, Cede BC. 

Resla Beaded laergaaic Pigaeated Fabric, Cede CC. 

Resla Beaded laergaaic Pipteated Fabric, Cede DO. 

Resla Beaded laergaaic Pigaeated Fabric, Cede DC. 

Preseat Vat tyad Staadard fer Olive Greea 107, Cede ST. 

New Quartennaster Dereleped Vat Dyed Fabric, Cede CV. 

Sulfur Dyed Fabric, Cede S. 

* Twe figure« are shews for «ach «aapl«; the first ceataia« the curves ef 
the erigiaal, after 160 heurs exposure la the Fadeneter« 30 cycles ef 
aebile laundering, aad 5 cycles ef alternate laundering aad exposure to 
light; Uie secead figure, desigaated with the letter 'a1, coataias 
curve« for «xpesur« to weathering, chloria« laundering aad the erigiaal 
fabric. 
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FIGURE 1?    GENERAL GROUND SHATJE.  CCDE GO. 
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FIGURK la; GENERAL GROUND SHADE. CODE GO. 

LEGEND; 

  Original 
 Weathering 100 hours 
 Chlorine laundering 20 cycles 
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FIGURE 2; GENERAL GROUND SHADE. CODE GR. 
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FIGURE 2a; GENERAL GROUND SHADE. CODE GR. 
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FIGURE 3;    HESIN BONDED INORGANIC PIGMENTED FABRIC. OODE AO. 
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FIÜUHtt 3a,.    RESIN BONDED INORGANIC PIGMENTED FABRIC. CODE AO. 
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FIGUHhi 4;    HESIN BONDED INORGANIC FIGMENTED FABRIC. CODE AR. 
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FIGURE 4a; RESIN BONDED INORGANIC PIGMENTED FABRIC. CODE AR. 
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FIGURE 5;    RKSIN BONDED INORGANIC PIGMENTED FABRIC. CODE AC. 
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FIGURE 3a^    RESIN BONDED INORGANIC PIGMENTED FABRIC.  CODE AC. 
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FIGURE 6;    RESIN BONDED INORGANIC PIGMENTED FABRIC. CODE BO. 
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FIGURE 6a; RESIN BONDED INORGANIC PIGMEWTED FABRIC. CODE BO. 
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FIGURE 7ft: HESIN BONDED INORGANIC PIGMENTED FABRIC. CODE BR. 
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FIGURE 8;    RESIN BONDED INORGANIC PIGMENTED FABRIC.  CODE BC. 
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FIGURE 8a;    RESIN BONIED INORGANIC PIGMENTED FABRIC. CODE BC. 
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FIGURE 9:    RESIN BONDED INORGANIC PIGMENTED FABRIC.  CODE CC. 
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FIGURE Va;    RESIN BONDED INORGANIC PIGMENTED FABRIC. COCE CC. 
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FIGURE 10;    RESIN BONDED INORGANIC PIGMENTED FABRIC. CODE DO. 
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FIGURE 10a; RESIN BONJED INORGANIC PIGMENTED FABRIC. CgDE DO. 
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FIGURE 11;    RESIN BONDED INORGANIC PIGMENTED FABRIC. CODE DC. 
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FIGURE Ha:    HESIN BUNDED INORGANIC PIGMENTED FABRIC.  CODE DC. 
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FIGURE 32;    PRESEOT VAT DYED STANDARD FOR OLIVE GREEN 107. POPE ST. 
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;        PlGURi!: 12a;    PflESEOT VAT DIED STANDARD FOR CUVE GREEN 107. OODE ST. 
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JWJW FABRIC, gm CV 
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FIGURE 331>;    NEW QUAHTERMASTER DEVELOPED VAT DYED FABRIC. COEE CV. 
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FIGURE 14;    SULFUR DYED FABRIC. CPEE S. 
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FIGURE J4a;    SULFUH PYED FABRIC. CODE S. 
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PAaT D:    SPECTRAL REFLECTANCE CURVES OF TEST FAffUCS IN THE SPECTRAL RANGE 
FROM 1.0 MICROK TO U.2 MICRONS. 

Flgurt 15: Pr»»«»t Vat Dymd Stwidard f#r Oliv« Gr««a 107, C»dt ST. 

Figur« 16: Reeia B»nd«d I»«rganic PlgmMttd Fabric, C«d« AR. 

Figur« 17: N«w Quart.rma«t«r D«y#l«p«d Vat Dyd Fabxl:, C«d« CV. 

Figur« 18: Sulfur Dyd Fabric, C«d« S. 
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FIGURE 18; SULFUR DYED FABRIC. POPE S. 
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COKRtiFHTIAL 
PART S; SPECTRAL REFLECTANCE CURVES OF TEST FABRICS SHOWIMG EFFECTS OF 

IHPREGNITE IXCC-3. FROH UOQ MILLIMICRONS TO IOOO MILLIMICRONS. 

Figure 19: R«»i« Beaded laergaaic Pigmeated Fabric, Cede AR. 

Figure 20: Resia Bended laergaaic Pigaeated Fabric, Cede BR. 

Figure 21: Preeeat Vat dyd Staadard fer Olive Greea 107, Cede ST. 

Figure 22: New Quartemaster Dereleped Vat Dyed Fabric, Cede CV. 

Figure 23: Sulfur Dyed Fabric, Cede S. 

Figure 24: Geaeral Greuad Shade, Cede GO. 
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FIGURE 19;    RtiSIN BONDED INORGANIC PIGMENTED FABRIC.  CODE AR. 
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FIGURE 20;    RESIN BONDED INORGANIC PIGMENTED FABRIC. CODE BR. 
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FIGURE 22?    NEW QUARTERMASTER DEVELOPED VAT DIED FABRIC. CODE CV. 
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FIGUifli 24t    GENERAL GHDtölD SHADE. CODE CO. 
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